In this article, the electrochemical synthesis and the characterization of Cu nanoparticles dispersed poly (o-aminophenol) (POAP) nanotube electrode is reported. The morphology of the electrode was characterized by scanning electron microscopy (SEM). Catalytic activity and stability for the oxidation of methanol were studied by using cyclic voltammetry and electrochemical impedance spectroscopy (EIS) were performed. The results show that poly (o-aminophenol) nanotubes electrodes significantly enhance the catalytic activity of copper nanoparticles for oxidation of methanol. The results obtained affirm that the dispersion of the copper particles is connected with catalytic response to a higher activity. The nanotubular morphology of poly (o-aminophenol) helps in the effective dispersion of Cu particles facilitating the easier access of methanol to the catalytic sites. The poly (o-aminophenol) nanotubes modified with copper nanoparticles cause a great increase in electroactivity and the electro-catalytic oxidation of methanol.
INTRODUCTION
devices, electrochromic displays, modified electrodes,
The generation of nanostructured materials on a surface area support for metal catalyst particles [7, 8] . surface is a new thrust in materials science due to the Another typical property of some conductive polymers is continuing miniaturization of electronic and mechanical perm selectivity or rather permeability towards some devices. Nanostructure materials have attracted much species [9, 10] . The conducting polymers used are mainly recent attention due to their important roles in many polyaniline, polypyrrole and polythiophene. These technological areas such as heterogeneous catalysis, polymers offer great advantages due to their very good photonics and single electron and quantum devices [1] .
conducting and mechanical properties and good adhesion Nano particles have been commonly grown in physical to the electrode substrate. However, it is of interest to and electrochemical processes [1, 2] . Organic conducting extend such studies to other polymers and same polymers polymers, particularly in the form of thin films, are especially polyaniline on low price substrates, which attractive candidates for microelectronic applications might be suitable as host materials for the catalyst micro [3, 4] due to their unique combination of electrical, and nanoparticles [11, 12] . Recent developments in the mechanical and physical properties. Furthermore, selfpreparation of micro-and nano-structured metal particles assembly of metal nanostructures on diblock polymer and their dispersion in porous materials have opened up substrate by making use of different wetting properties of the possibility of preparation of high performance the polymers has been demonstrated [5, 6] . Conducting electrocatalysts for technologically important reactions. polymers have been studied intensively in recent years A simple and efficient method of dispersing catalysts is because of their useful properties and possible utilization the electro-crystallization of metals prod-ucing catalytic in many practical applications, such as charge strange materials based on the properties of small clusters. Thus, anticorrosion coating, molecular transistors and high effective electrocatalysts are now routinely prepared by MATERIALS AND METHODS the electrodeposition and dispersion of metal crystals or crystal aggregates in conducting polymer films, previMaterials: The o-aminophenol (Fluka, purity >99%), ously electrodeposited on an inert electrode [13, 14] . It NaH PO (Fluka, purity >98%), Na HPO Merrk, purity has been shown that such modi®ed electrodes with Pt >97%), Hcl (Fluka, purity >98%) and CuSO .5H O and Pt-based multimetallic assemblies are better cata-(Merrk, purity >98%) was used. Bidistilled water was used lysts than smooth platinum for the oxidation of organic for the preparation of solutions. fuels, that is, CH OH, HCHO, HCOOH, CH CH OH, 3 3 2
CH OHCH OH and glucose [15] . Direct methanol fuel cells Electrode Preparation and Electro Polymerization: The 2 2
(DMFCs), an important electrochemical energy used working electrode was a glassy carbon (GC) conversion system suitable for a variety of applications, electrode. A platinum wire was also used as a counter have attracted extensive attention during the past two electrode (CE). All potentials are reported versus the decades due to its simplicity, low pollution, low operating reference electrode Ag/AgCl (saturated KCl). We cleaned temperatures and high theoretical efficiency of energy the GC electrode surface by successively polishing it with conversion [16] . Recently, carbon nano-tubes (CNTs), a 0.05-l m alumina slurry. After each polishing, the which could be classified as single-wall carbon nanoelectrode was carefully washed with distilled water. POAP tubes (SWNTs) and multiwall carbon nano-tubes (Poly Ortho Amino Phenol) film was generated by (MWNTs) [17] , were more and more investigated as electrochemical oxidation on the GC electrodes at 0.9 V advanced catalyst supporting materials owing to their versus (Ag/AgCl) by using of monomer OAP in buffer outstanding mechanical characteristics such as high solution of NaH PO and Na HPO in pH=7 and then after surface area, high electric conductivity, thermal stability generation, the film was washed with water. After and good corrosion resistance [18, 19] . Fuel cells are generating of POAP film on GC electrode, nanoparticle efficient and environmentally acceptable conversion copper was deposited electrochemically on the POAP in devices. Electric current is generated in the fuel cell by the a solution of 0.01 M CuSO and 0.1M HCl at pH=2 under direct electrochemical oxidation of either hydrogen potentiostatic at -0.2 V at 10 min. All solutions were (proton exchange membrane fuel cell, PEM) or methanol purged with argon gas for 15 min before the (Direct Methanol Fuel Cell, DMFC). The electrochemical electrochemical tests. processes that yield energy are essentially pollution free. Water formed during the operation of the device is Instrumentation and Procedure Used: Electrochemical beneficial in space travel and submarines. Applications of measurements were performed in a one-compartment cell fuel cells are diverse ranging from stationary (individual with a three-electrode configuration. CV study was homes or district schemes) or mobile (transportation as conducted with a potentiostat/galvanostat (EG&G cars, buses, etc.), mobile phones and lap top computers model 263 A, Oak Ridge, TN) with an electrochemical [20] . The methanol fuel has a superior specific energy set up that controlled by M270 software. density (6000 Wh/kg) in comparison with the best Electrochemical impedance spectroscopy (EIS) was rechargeable battery, lithium polymer and lithium ion performed with a frequency response detector polymer (600 Wh/kg) systems. This means longer (EG&G model 1025) with electrochemical set ups and conservation times using mobile phones, longer times for under the control of M 398 software. An alternatinguse of laptop computers and more power available on current voltage of 5 mV in amplitude with a frequency these devices to support consumer demand. Another range from 50 mHz to 65 kHz was applied for the EIS significant advantage of the direct methanol fuel cells measurements. The POAMP deposited with nanoparticle over the rechargeable battery is their potential for Cu (Cu/POAP/GC) and Cu/GC were tested at directinstantaneous refueling [21, 22] . The methanol fuel cells current (dc) potential of 0.5 V in 0.1M Fe/Fe (CN ) for in alkaline solutions have many advantages such as comparing of R (charging transfer resistant) process increasing their efficiency, a wider selection of possible assessment in the same frequency range. Scanning electrode materials, a better efficiency of oxygen cathode electron microscopy (SEM) images of the film poly ortho and the oxidation reactions of organic fuels exhibit almost amino phenol deposited with Cu, (Cu/POAMP/GC) were no sensitivity to the surface structure [23] . Moreover, the taken with Vega 5135 (Tescan, Brno, Czech Republic) and use of the methanol fuel cells is limited by the poor anode HV (high potential) 1500-V instrument at various performance and counteract the poisoning effects at the magnifications. Sample films for imaging were grown on cathode due to the methanol cross-over. the GC electrode. There is a clear different between electrochemically aminophenol) on GC electrode, which is not uniform in behavior of the Cu/GC and Cu/POAP/GC electrode, nature. Fig. 1b shows the SEM image of the Cu deposited because methanol oxidated on the Cu/GC electrode at conventionally synthesized poly (o-aminophenol) on GC 1.23 V versus Ag/AgCl with anodic current density electrode. Though, the Cu crystallites are clearly seen 4.66×10 -4 µA.cm -2 but as Cu/POAP/GC electrode applied, from the image, the cluster size and the geometry of the oxidation of methanol occurred at 0.67 V versus Cu particles are not uniform and the cluster size was Ag/AgCl with anodic current density 1.92µA.cm -2 . found to be high with agglomerates as seen over the This different is due to the nanotubular morphology of scanned region. It is further evident from the image that the polymer surface which can load nanoparticle copper the large Cu crystallites are randomly distributed on poly to a higher extent and at maximum loading that increase (o-aminophenol) and the ladder morphology of the poly the catalytic activity of electrode for oxidation of (o-aminophenol) is also seen in the SEM image.
methanol. increases with increasing methanol concentration and peak, but in the Fig. 2b , we see a broad peak at 1.23 V with levels off at concentrations higher than 0.3M at both anodic current 5.24×10 -4 , that related to oxidation of electrodes. We assume that this effect may be due to the methanol at Cu/GC surface. saturation of active sites on the surface of the electrode. The cyclic voltammetry of the bear GC electrode at a
Cyclic Voltammetry
In accordance with this result, the optimum concentration 0.1M NaOH and GC electrode in 0.1M NaOH/CH OH are of methanol to obtain a highercurrent density may be 3 shown in Fig. 3a. and Fig. 3b . Clearly, no peak current considered about 0.1-0.3 M. As seen in Fig. 5 the largest seen that shown no oxidation happen, another hand current for a given concentration of methanol was methanol did not oxidate.
observed on the Cu/POAP/GC electrode in same The cyclic voltammogram of the GC electrode experimental conditions. modified by copper (Cu/GC) is shown at Fig. 3a . The anodic current was seen at 1.23 V with anodic current EIS Measurements: EIS experiments were conducted to 4.66 ×10 -4 µA.cm -2 in the potential range 0.0 to 1.5 V characterize the oxidation of methanol on the Cu/GC and Ag/AgCl in 0.1M NaOH/CH OH solution that related Cu/ POAP/ GC electrodes. Fig. 6 displays the typical
to methanol oxidation on the Cu/GC electrode surface. impedance spectra of the Cu/GC and Cu/POAP/GC Cu/POAP/GC electrode in 0.1M NaOH/CH OH solution. electrode modified with Cu/POAP had a higher electronic and Cu/POAP/GC (b) electrodes conductivity (see Table 1 ). property of electrode modified with Cu/POAP/GC and Cu/GC. The results are shown in Fig. 7 . The oxidation current increased with increasing scan rate. An increase in the scan rate was likely to enhance the electron flow. It appeared that the increased collision of electrons resulted in a reduction in the velocity of electrons and led to saturation in the current which for electrode modified with Cu/POAP/GC is higher than Cu/GC electrode See Table 2 ).
CONCLUSIONS
The electrochemical synthesis and characterization of electrode modified with nanoparticle copper which deposited onto the poly (o-aminophenol) nanotube and copper deposited on the GC electrode have been achieved. We observed different voltammograms for electrode modified with nanoparticle copper which deposited onto the poly (o-aminophenol) nanotube and copper deposited on the GC electrode in a 0.1M NaOH/CH OH solution. With increasing of concentration 3 methanol and scan rate, oxidation of methanol increased as electrode modified with nanoparticle copper which deposited onto the poly (o-aminophenol) nanotube deposited on the GC electrode. The Cu/POAP/GC shown excellent electro-catalytic activity and stability for electro-oxidation of methanol which the EIS measurements confirmed it.
